The transition in a marine boundary layer (MBL) from stratocumulus topped to 2 shallow cumulus topped is investigated by using a large eddy simulation (LES) model.
1 Introduction from the well-mixed sub-cloud layer. Within those conceptual frameworks, the main obstacle
In Eq. (3),∆s v is the buoyancy excess of the above-SMBL air in reference to the in-SMBL 20 air near the layer's top. The expression can also be interpreted as a measure of the thermal 21 stability of the inversion. The numerator (∆s v ) crit represents an estimate of buoyancy re-1 duction that would be produced by the evaporation of cloud water when above-SMBL air is 2 mixed with in-SMBL air.
3
The particular form of (∆s v ) crit varies among different works. Randall (1980) Adopting this definition leads to another very commonly used form of the threshold for 7 buoyancy reversal, as given by Randall (1980) 
where ∆q t , ∆θ l and ∆θ e are the jumps of total water mixing ratio, liquid water potential 9 temperature and equivalent potential temperature across the SMBL top respectively. Fur-10 ther, c p is specific heat of air at constant pressure and L is latent heat of water evaporation.
11
When κ > 0.23, k > 1 (for the definition of (∆s v ) crit by Randall (1980) ). Siems et al. (1990) 12 proposed another definition of (∆s v ) crit taking into account the air properties (e.g., liquid 13 water amount) below the inversion. According to Siems et al. (1990) , the buoyancy reversal 14 criterion is,
The buoyancy reversal criterion in Eq. (5) converges to that given by Eq. for how long these negatively buoyant mixtures would be realized during entrainment mixing 6 is not specified. The dynamic consequence of the possible formation of these negatively 7 buoyant mixtures is not known either.
8
Several studies have addressed the role played by buoyancy reversal in the breakup of 9 stratocumulus. Here we give only a brief summary. Randall (1980) and Deardorff (1980) 10 proposed that when κ > 0.23, cloud top entrainment instability (CTEI) would occur, stra-11 tocumulus cloud would be destroyed and transition to TCMBL ensues (Randall 1987 cooling (see WB97).
4
Our review of previous work, then, suggests four possible scenarios in terms of the tran-5 sition from SMBL to TCMBL (see Table 1 ) according to whether the SMBL is coupled or 6 decoupled, and whether κ is large or small. Our hypothesis is that a decoupled SMBL with a 7 high probability of buoyancy reversals (Scenario (A)) is highly likely to transit to a TCMBL.
8
The distinction between Scenario (A) and the other scenarios in cloud-free MBL due to cloud reduction by entrainment but will not transit to a TCMBL.
11
Scenario (C) can be seen as the second step in the two-step conceptual model of WB97, which SMBL and is of no relevance to this study.
16
To test our hypothesis we use a LES model, in which all the essential elements of the 17 SMBL, i.e., turbulence, radiation and moisture, are considered albeit with limited complexity.
18
The distinction between decoupled and well-mixed SMBLs is set up through modifying both 19 surface forcings and initial profiles. The buoyancy reversal parameter, κ, is altered through 20 changes in the free atmosphere moisture while the buoyancy jump across the inversion is 21 kept the same.
22
We start in section 2 by introducing the LES model we use and our experiment setup. The DECOUPLED series setup has a horizontal resolution of 100m in both directions and 
5
For the MIXED series, the standard initial profiles are specified in the following way:
where z i is the cloud top height, taken as 840m here. In the rest of the paper z i for both the The large-scale subsidence in the DECOUPLED series is prescribed to be 6.5mm/s at the form,
where
. ρ is density and l is liquid water mixing ratio. In 7 some of our experiments producing small cloud fraction (∼0.2), the chance of forming cloud- respectively. The effect of precipitation processes on clouds is considered separately in the 15 sensitivity experiments described in Section 4.
3 Results

17
We first present vertical profiles of domain/time average quantities. Figure 3 shows the last In the MIXED series the mixed layer structure is maintained, even though cloud amount 4 is considerably reduced in some cases. The MBL temperature (Fig. 3a) can be approximated as "smoke clouds", which are only radiatively active as reviewed in the 6 introduction.
7
The w w profiles in Fig. 5a show a single maximum in the vertical. For cases with (Fig. 5b ) near the cloud top by divergence of longwave radiation flux (Fig.5c ) is 14 much larger than that near the surface. In cases with low cloud cover buoyancy production 15 integrated over the cloud layer becomes considerably less than that over the subcloud layer.
16
In the DECOUPLED series, the liquid water potential temperature and total water 17 mixing ratio profiles (Fig. 3d-e) generally show a sub-cloud layer that is well mixed, and a
18
cloud layer with slowly decreasing moisture and increasing temperature with height. The ( Fig. 5f ) in the cloud layer, however, is much stronger. This is consistent with the better- To obtain a more quantitative evaluation of the SMBL in transition we examine in and LWP to changes in κ, however, is consistent with our previous conclusions. 
Conclusions
2
Our LES results were able to reproduce the four scenarios in Table 1 , thus confirming the mo- we obtain an increase in cloud patchiness as κ increases, which may be associated with pling would not lead to a transition to TCMBL unless the surface conditions change too.
13
As a first step to implement the above parameters in the mixed-layer model based boundary 14 layer scheme in a GCM these parameters can be used as a switch to determine the boundary 
22
The problematic scenario in terms of formulation is SMBLs in (C) in Table 1 . As in 
